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[ 0022 ] In a method of fabricating a substrate for epitaxial growth 
according to a first feature of the present invention and in a 
method of fabricating a semiconductor device according to a second 
feature, in the fourth step, at least part of the GaN based compound 
semiconductor single crystal thin film containing In is removed 
by vapor phase etching, and thereafter, a second GaN based compound 
semiconductor single crystal thin film is peeled off due to thermal 
strain at a portion of the GaN based compound semiconductor single 
crystal thin film containing In. For this reason, the second GaN 
based compound semiconductor single crystal thin film epitaxially 
grown in the third step is preferably the GaN based compound 
semiconductor single crystal thin film having an etching rate lower 
than that of the vapor phase etching for the GaN based compound 
semiconductor single crystal thin film containing In. This is 
because the second GaN based compound semiconductor single crystal 
thin film is easily peeled off from a bulk crystal substrate by 
the vapor phase etching. For example, as the second GaN based 
compound semiconductor single crystal thin film, GaN based compound 
semiconductor single crystal thin film containing Al such as AlGaN 
is used. Thereby, etching selective ratio in the vapor phase 
etching can be increased. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently and easily 
obtain a substrate for epitaxial growth of a GaN 
compound semiconductor monocrystal membrane 
which has little crystal defect and favorable surface 
morphology. 

SOLUTION: This method comprises at least the steps 
of (a) epitaxially growing a first GaN compound semi 
conductor monocrystal membrane 303 on a bulk 
crystal substrate 301; (b) epitaxially growing a GaN 
compound semiconductor monocrystal membrane 304 
containing In; (c) epitaxially growing a second GaN 
compound semiconductor monocrystal membrane 305; 
and separating a second GaN compound 
semiconductor monocrystal membrane 305 from the 
bulk crystal substrate 301 and making it the substrate 
for the epitaxial growth. 
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[0 0 3 2] |^*^/j^<*f^CDJS:^, 1^ 

'MocvDmm.xwf^^-ri>m'^xi,. ?as^Ttf 

aiL. ?IO^:H^i!iS:i^:>^l§2 icortlfBlci^:7r^TS« 

3 0 1 ^ML^^S-t-^^^-^li, lf^:i:COi^^|C(^3 2k 

Mr^li. G a N^^b'&i^^^^«s^S^»MO^:^3$a;6S 20 
1 0 /i m/hJ[^±com'^lC^^{C^rbix^o 
[0 0 3 31 ^ta>:^^fi5^:¥v'-\'/Ufijc:i:^P£^-r^il3^ 

^^^^(Dm\uz^^-r^(Dt^mmz^m\^x^mm^ 

X\.^^mxVX^^\ L7)-L. ^S*;3,^(C3?^7ca4^^S 

b^Mc/i:oXV>^o IP^. Ga N^^b-^i^^^S^^^^^B 
^t. 3^^5cS^^:^;^-f>*6*ofc^'^lcii. AN:^f^o 

XfiH^ L tzm^ t tifil^ t Lfc^®^ :7 o v^— (Di^v N 
dS^CSo A 1 G a N*?<7)A 1 %:^tsG a Np^-fb 

(0 0 341 IEtC^n-en<7)G a N7^it^!^^mi^mf^ 
^i^St'^^I^TMi. lai 3tC0»J$r7j^i-a: 9lC, InGaN 

i^fifi^^F (Jt^T^C*>V^T TMQWJ ^V^9« ) mik 50 



f>5:^(7)^fB:XP(fe;i>iG a N^<b'g'i^4^iSL<*:m^^Bp|^4,|c 
#^-f-6yh*biC. ^®^:7:i-n':/— 

[0 0 3 51 Vt^X. v?-;65a»r\ 

[00 3 61 )^Tt^> ISfBO^±^4:55|^V^G a N^i 

^i^^ ^\-l^^m^^. A 1 G a N/^G a t:'^=3f-^>^ 
/V-fife:S:^SS. -Rt^A 1 Ga N:ii t*^ ^ >--y /W^SffiS 
*g(0 3^oS;telcov>r. ^<oM3t;^j£tr:i.(*&^tctJ^P^ 
■f'So 3fer, GaN:iif^:^i^^/U^:^^S:E(OSat:fe' 

lll3^t/lD4^fflv>ri$iPJi-^o 

[0 0 3 7] (^) mJ^^gxm (^O 1 : -^—^Ji-^ V 
iEflSO. SmmCOc c5-t^:7^^rS^3 0 1 ^^S-r 

^cocffif-:7r^TS«3 0 1 i5tr^i-^o 
$n/c1^:7r^rs^3 0 1 m i f;i;a^i-i^{bi^«j5ll 

• MOC VD3^M^01^ir:/^ 2 6(7>±jc:^-frao «ktc. 
^3?®i<^)i^JC&^§§2 1 F^^. ^^1^2 5 $r^LTK^.i< 

(N2 ) T-Mi^-r^o ^^;<f;^Sr;<f;^^A«2 

4;5-ibJKJ;^^§§2 m{c^^^L/^;6^'<b. i^-ir 2 6 $r 
tSfct:?ja^t-i5^ 2 7\zx-:>xmm^B[i>^ 10 0 ox:tc/^ 

5 ct 9 tcjfjofift-r'So Hc i MA^s 2 3 ^^hmt^ 

ii'y^-U (G a) 2 9 ICHC 1 ;</^^0. 1 y ,y h/U^ 

[0 0 3 8] (D) ^^^X^ {^(D2 : ^©O^ 
<b) : HC I ;^^<Srihi6fct^{C^&ta;bDll?it--i$^ 2 7(7:>ra 
S^TtfT. 1^•fe^^$'MS;55 5 0 ortC^^-t-S^T^ 
Oo Jf9cV^T;V;^2§LAl= 2 5;^>^^7K^ (H2) t^^corS 
^:^f:^^^*g-r^i:^*c. N H 3 ;t/xigAS 2 2 ;6^<bN 
H3;^;^^m^^^o ;«f;^»A® 2 4 7!)^f.^3^-r-67k^ 
i^:^t'^miJ:^<Dm^\'t^)x'^*Hl y h/i-X^^^ O. 
5 !J y NH3 ;</;^>»AW2 2?!)^bNH3 

<7>wltfi:llO, 9 5 y 5/ h/w-Z^^i: w (/)4^tffi-e?ajK;d5 
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[003 9] (/N) mmm : "toy^ik. G a Ni&?a^ 

^*tcJ!jD^T. TMG;tf;^^3. 7X10-^ ^/u 

y^XA^m^o :i<om. TMG<t[H]^icHC 1 

•9, ii)3 (a) {CTjk-tXoic^ cm-^yr^rm^s o 10 

1 (Omm^C^ mm- son mCOG a Ni&i^f^Rm 3 0 2^^ 
MfiSL^^ri^. TMG^HC 1 cO^ijs&^ihi^T. f^W&S 

^±#$i^:-ci^-fe:rt$' 2 eco^asd^ifuf 1 0 o ot:*r- 

±#tyc:^. ^;^2^A1^2 47!)^C>TMG^ 1 . 4X10 

Zth{Z^^^ mS (a) [ZTfk-jrXoiZ^ GaNiSta 

[0 0 4 01 (-) m2Xm : j5J5:(-taS^7 0 0^^ 20 
T'TJf. ;tf;^^Al=2 4 7!>^jb. I5t/TMG;?/;^^ 1 . 4 
XlO-s ^/l./^5>cO»?E*T-^^^^^^^iC. TMI^ 

2. 7X10-5 ^/ux^oomrnxm^^-r^o mmzn 

C 1 ^0. 1 V y h/i-X^xm^i^V. NH3 :ffy^mxm 

2 2/}^hNH3 9 5 y h/x-X'^xm 

*^L. 60:^r«mi^U. 133 (a) tCTT^-f J: 9 tc. Ga 
Ni«ifi$^^v'-r/l-J*:g:^3 0 30±«C. MOCVDj^ 
T\ I nG aN:r.t:^:iri^^/l^f$.^mS 0 4^0. 2 u 

[0 04 1] (tJ^) ^3X^:-eo^. TM I , TM 30 
G. HC 1 co#t^^^ihai!>. NHs {iti^b/c^^r'i^ir:r 
^rfiS^r 1 0 0 0*C*T'_b#$-^^o i^-feT'iJ'raS^Jf^^ 
-^X^Xt^h. HC I ;^>^^HC 1 iS:K^m^2 Zt^^M 
AL. f«C<*^;^y ^A2 9 bW.^>^^^XQ a C 1 t LT#^ 
)iiS-r'5:i^T\ |;^5 0 m/hO;5fe:g3§ST\ G a 
e^=t >i'/Ufi)cg® 3 0 5 ^ii^fcl^^iill^^BjTicgr^o 

I1I3 (b) (C:^'r.t9«-. 1 n G a N:E.fc'>5' 
=^'>-\'/l-fiJc:^^ 3 0 4^7)±^C. flf/lS 0 ^ m<;:>G a 

e^$^:^i/-r/i.fi)cgii3 0 5:6^ J^^l:#^«iil^^ffi^:gtcj: 

1 ;</;^^Jl:i^. f^:b'9lCTMG<?:HC I i1:^^lSy^m^ 
"^2 4t^hm.y.X\ . 6 /I m/hO^Sitffir\ G a N 
rcfc:-^5^:^>^yl.^ft:g:S3 0 6^, MO C V D^-CfiJtS $ 
-fr^o r<0*g^. 1113 (b) tC^i-J: 9tC. J^lf:o. 5 

ymOG a N:n f^r^ri/^/U/i^^^ 3 0 67ii5^ G a 

[004 2] ^4Xm : -^tL-C. f-irr^^ff 

^y^>^^-r^. Z,<r>iS:^:3L^y^-^^\%^ InGaN so 



inf^^^ix-^/i.^JtS^ 3 0 4 <n^^'mm\z^y^:y'^ 
'r^(OX. m4 (a) tC7i^^J:9{C. InGaN^fci"^ 
i^fv^-^/U/Sg® 3 0 ACO^iCMLX-^^ K • ^y^^^/ 
:*^iitT-r6a wCO I n G a t'^J' :^->-y/U^S^ 3 O 
4CD;^^j:i yf^^-Zli, 1 n G a 
»3 0 4;d5^^|c:m^-r5*-CfT9d2i^^tiS^<. hi>m 
' :3L>y^i^^^imn{.fz^PSXStibX^\^\ ^ 

Ttf6.t. ^^^tCj:«9. 1114 (e) tC^j^-Tct G 
a N:3it:-^:^v^Y>fi.j5)c:l:S3 0 a N^t:'^:^v' 

-y/l-^:^^ 3 0 67!>^P>/c^6^^i^^, G aN:x,\i'^^iy . 
-Y^^f^RSS O 3ct »9TOi^>'T'<TSt5 3 0 I iiX<D 

=^rv'^/U^g^ 3 0 5RrJG a N^n ^ '>^yUj^£:^^ 
4 0 1 i: UTt#^n^o 

[0 0 4 3] ±m<DX ^^J:. ^mmcDG a N^f^^v^ 

«6^JiV^^gigSTG a Nm?gfi|*|^ 3 0 3 f ^ :^ 
I nGaN^^a%^M3 0 4CO 
;ct-i5^^>''\'/u^:g^fTV>. •^:0±iCi^jgT-G a 
^BWmS O S%:=x:-\i'^^iy^^/Ufiim\.X\f^^(DX\ Ga 

Nm^B^0^fll3 o 5ii. -S?f^^^nr L^ofc'^/h:A: 

[0 0 4 41 HtC. ®¥(CGaNnif^ 
^iy^/i^^^ms OSRtJ^G a N:iif^^i>'-\'/U^g:g® 
3 0 6d>f>/^^a^(^i:. G a N^fc'^^^v'-t/W'^;^® 

3 0 3,t «?T(7:»i^:7r'<rSS3 0 i *-Ccoa®(*^t-t« 

at-r5tOr% G a N:nfc^^:5rt^-V/USS4 O 1 ^^^-5^^ 
*:>(c. igv>1^:7r-<r^S3 0 1 $:^S-r6i£:^^t>^ 
t>o i^>^r-rTg;te3 O 1 (i. 9X^60 
X\ ^9fS(c#^^tC:g0#FBl^^^^« Bp^, -y-^r^T^ 
«3 0 1^i9FSLT. G aN^t:^:^iy-r/Uf$,^m&m 
^n^(0\ZitLX^ '^Mcm^r^X\ GaN3it-^:^v- 

-r/W'SS4 0 im^hti^<ox\ ±m^^m\^\ 

10 0 4 51 A 1 G a N/G a N:xei$^=^i^^/U 

^:^ffls^(7)$^it:^^^> mi^Rx^me^m^^^xmn-r 

5o mItoSXsg. Ill XS^t/ m2XS*Tii. Htiai 
<DG a N^tf >5'^v'-V/U^^fflS«COMig*&^±< PI 

[0 0 4 61 (^) |g3Xa:in*>, 115 (a) (Ctj^ 
IB2X^^C*5V^T. G a N:3lt•^=^'>-V/^ 
^^^3 O 3<7)±|C. I nG a N:^^ ^ '>-v /U^:^® 
3 0 4^J7)cg$i^fcl*. TM i . TMG. HC 1 (Dm^ 
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9 tKft^^'^XG a C \ tLXmi$-thZ t-C. Itt^ 
5 0 /i ni/hO^:i:i$S'C. G a N ^ ^ > ^ ^1-/*^ 

®3 0 5^^g-r6o 13 5 (b) (CTj^-rj:^ 

I nG a h^:r.\:z*^^iy^r^^f$.M:M3 0 4 M 
J¥8 0 mn<DG a N^n ftJ^ ^v-^^/Ufig:^^ 3 O Sm^h 

0. 3>x>0. 05 

aT<^XmT'<75^tS^,y^>'^^(c::*i5(t6 I nGaN^f 

^:^'>-yyU^:^^ 3 0 4 t(0:x-y^>i/m^^^^+';^± 

^<thJ^^^^hXh^o ^<omm. m5 (b) iCTj^i-J: 

^if: 1 0 mCOA 1 G a N^i^ t*^ ^ v^-y 
3 16;a^ G a N:nt•;$'^v'^r>'^^:^g3 O SOitCiS 

[0 0 4 7] (D) ^4Xm : ^L-C. 1^^r>^^?£S 

^7 0 oT:^T'Tit\ ::co?UJg(c*3l^r. ^HJ^S^iO^/^;: 
^^2iF^(c. ;^^^A1=2 5 75^b7K^^2^AL. mte 

^y^>i/^tf9o C<0:^;5^3i-/^Vi/H, InGaN 
:3if^:^-^-Vyl.^^^3 0 4C9;^^il^&^3lCai:y5^>i/ 
't^<DX\ me (c) ^(C. I nGaN^\i'^ 

^zy^ji-^^mco^^^Ml^Xi^^ K • ^ 5/^>i/7ii5iltT 
i-5o \ nG aN^^i'^^^^/U^^mS 0 4(0:tf 

::^^^y^>i/n^ I n G a N^e^^f>--tyl-^:^g3 O 

4;55^^tcm^-r6*T*^T9i£:>iiti^< . ^^mm^4 

' ^y'f-:^VtmnLfc^ff^X±ibXBi\^\ ^LT, 

mm^i,zXK> . me (d) GaN^i 

»^i5^='fi^ir>^l-^:^Jl3 0 5SU^A ! G a N^ni^^^ix^ 
/W^^J13 1 675^e>?'<^'58[S(^,b. G a N^f^arv--^ 

/w^g^3 0 3 '9Tcoi^:7r-rrStg3 O 1 ^xcom 
mmcmm-tho ^<?:>fJ8iXg«Cj: t), GaN^l^^^^^r 
v/Y/U^;g:^3 O S^TJ^A 1 G a N ^ '>-YyU^:^ 
® 3 1 6 TJ^bJ'jr^ai^^*:;^^ A 1 G a N/G a t":^ 
^iy^/\^^^mmm (JWTtC:fc5V^T Ta 1 G a N/G a 

[0 0 4 8] ±12(7) J: 9 ^<^. ;$:^P>gcOA 1 G a N/G a 
N:iif>5^:^ix-^/Ufife:^fflS«co0j5t;^ifetcJ:nt^. MO 

cvurnxft^^m^^^f^mmrnxG a Nm^^j^sf 3 0 

3^^e^5^^'>-Y/l-fi)cg^-^itf^tC. InGaN^IS^ 
»flg3 O 4(7):iifc- ^^'>-^;W^:^^tTV^. ^e<0±jCii5it 
-CG a N^^^?l^^3 0 5^nie^:^>'-vyU^:g:U-C»/> 
^OT\ G a WmiS^JW^S 0 511. -JSJ^^^ttTL 

®i^$n6AN:^Jf0(7)tl!S[/h:A:cO:^^ ^75^ AlGaN:3ie 



m(DHC \ tr:^^Wi^i-^^tX. m4 0 mn/U(Df& 
:S:jSST\ a \ G ar^^\i'^^i^-^/l^fili^m3 1 e^fSi 
^^■^^o :iZX\ A 1 X G a 1 - X N:J^V:'^^iy^/l^ 

f&^ms 1 6 CO A 1 <Dmf$.xit. 

(2) 

3 0 eco^^icttL, m^bX^b^Kfj:^ . 
10 t0f4;^)q#bix6o 19 , ^mm<7^A 1 G a N/G a N 

^±\±:^^^<. O^ixj^cA 1 G a NX 

G a N^ii'^:^f'>-y/uSS4 1 1 ;i!)5MK^rBl(c:. ^^J:< 

[0 0 4 9] Xs m±m^^A 1 G a N ^ f ^ =^ v- /l-fife 
S^3 1 6Xhh<DX\ m4i:m(D^iU:^^y^:yymz 
i5^/^r. A 1 G a N:ii fci'i? 3 1 60^5/ 

5=->:/ii^(C^-r^ I n G a N:ii t'^ ^ v'-^/L'^^g^ 3 
0 4<D:T^^y^l^^mmX^m^tl<b ^^ y^ly^mVi 

(A 1 COM^x -=0. 1(7):^^) , — m4 (d) (7) 
^-^(7), *±^;?y^ G a N^t:*i57:^ >^/u^;Sjl 3 O 6 
cO^-g-Jl. I nGaN^fc"^:^rv/-\'/U^:^«3 0 40:11 
^'^Vi/iSSOG a n=^\f^^i^^J\^^^M 3 O 6<0:ii 
:yf^>'^5^S(cM*r5:^y^V^il^itH4 Of^^ST* 

^!:). T^m\^^i^n=^y^>^f)mm^f\.^<ox^ 

%^ziLy^:y'^\-^^ ^ me (a) \c7v^'rmmu<om^ 

^yh^%:U<'t^^ti)^'^^X'^^o rco/ci?). -^O^O 

"9. f5^tCG a N:xt'^^v'-^/U'^:^ji 3 O 5:S.TJ5A 1 
G a NJie^^i/^/t'jS:^g3 1 6 tS^ e> 5 (*: , 
Ga NJcfc*>5^:^ix^/i.^:^^3 0 3 JlDTcO-t^^^r-Yr 

s«3 0 1 ^x<ommmz.m^-r^(Dx. a i o a n/ 

G a N:nti*^^>^-\'/US^g4 1 1 ^^#-6 fc*i!)t^. ^1/^1^ 
>^r-f rS^S3 0 1 ^^9f^^6^>^'b^</\ BP^p. 1^:7 
r^TStR3 0 1 >Sr^SLT. A I G a N/G a N^n hi" 

^ /\-ji^^mmu^n^<D\z.\t\.x . '^f)^zm.nf^ 

X\ A 1 G a N/G a N:iif^:^v'^/UStR4 1 1 

40 hH^<ox\ ^m.^t^my^\ 

[0 0 5 0) JtfBcOA 1 G a n/G a N ^ z^- 

^gfflS«ti. GaN^b-:$'^>-v/U^:g;i3 0 5C7)± 
e^?A 1 G a Naitf^z^v-^/w^^^^a i 6 CO^^^it 
-C^jofco G a N^aieiJ'^^v-.-V- /U^gJl 3 0 5<7>gl55> 
!>. A 1 G a N:iif^:^fv'i^/t';7)c:^ji{CLr t>MV\ BP 

^y^'^^'^^^^i^^mmwLt\^xmm^i^^^w^<o 

±m^. A\GaU:^\i'^^i^^;\^fSL^mXih^m^\Z, 
oi>r. ia7^ffll^TtJiP.^-r6o BM^SX^. I^IX 
^^^C/^2XmH. fltladiCOG a Nait'^=^'>i'/Wfi£S 

50 mmwi(nmm,:>smtmM'r^<r>x. -toiEtt^sr^ii&L. 
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[0 0 5 1 ] (^) ^3X^ : ^2X11^0 a N^f 
^^i^^Jl^fiSL^mS 0 3(0±{Z I nG a N:3ie^=^'>-t 
^i^fASzmS 0 4 ^f^^^ik. TMI. TMG. HC\(D^ 
jf^^ihi66o -tL-C. NH3 li^L^c^^r*1^•fe:7'^^a 
ft^ 1 0 0 0\:*T±#^-^5o -tMr:/^?ag7)5^^L 
T:d^f>. TMA^:«/;^^jf^l=2 4?!>-^iSA-f-'6o Mic, 
HC 1 ;3{/;^^HC 1 ;V;:^mi^W2 S^i^f^igAL, fi^ft:;?^/ 

y ^A2 9 ^^ij^^-tt-cG a c 1 <!: Lxm^-r^^t 

X\ m2 0 ^ m/ h (7)^:^ji;^T\ A 1 G a io 
i^i^/^fifeS^a 1 5^^:g-f^. I nGaN 

ciit'^^>--y/U^:g:^ 3 O 40±iC, ^J¥8 0/imCOA 
1 G a N^fi^^^^-yyu^g^S 1 5;iq#^ix^)e 

bb. ;^;^W^1^2 4 7!i>ibTMA^i^^ tytScOHC 1 

A I G a N^fi5^:3eiy^/i.^^^3 i e^^t^^-^^S, 
::C0^:^, flm: l O /i mCOA l G a N:xi 

3 1 6 A 1 G a N:i^ v--^- 3 15 

A 1 X Ga i-x t'^^^rv'-y/l-^g^ 3 1 6 <7> A 1 

c^M^xti. ±IS (2) ^T';^$n^)lG!S^ffitC5l^-r 

[0 0 5 2] (o) m4X^ : ^LT, l^-fe^^iJ'raS 
^yf-l^^^^aOo :i(r>^P^=x:~y^>'^\%^ I nGaN 

=^}i'^^^^^;i^j^^m 3 0 4to;^^ii^6^;c:3i>^^>^ 

-f^cOT', HI? (a) \Z.^'t^O\^. InGaN^fiJ? 

i-^o I nG a N:i^t*^$^=Sr'>-yyl-fi)cS^3 0 4C?:»;«f 

-^^i'^^'i/li. I nG a N fiJ' 3 0 

4;65^^tcm^-r^^T-tT9ie:^M*i«E<. fcsmsi^-r 

mi (b) (C;T^-rJ: AlGa 
N:iit'^^e/-t/l'fig:gil3 1 5^l/A 1 G a N^f^:^ 
'y'^Ji-J&Szm^ \ Qt-hf^^mm{^t. GaN^t-^J^^^ 
'>-^r^w^Se3 0 3 J:«?T<oi^:7r^r^tS3 0 i 
<^aiii*:(Ctij«|-r^o :i<Ot'J^Xmt^ct »9x A 1 G a N 40 
^ t'^^Jf-v^-r/U/sJcS^ 3 1 5^t/A 1 G a N31 t:•^$':^v- 
•t>'^^:^® 3 1 6;)^e>?*^6S(S«S;5i, AIGaN^e^?' 
^v'-y/l-^^fflStg (l^TiCiol^T. Ta 1 G a N:3:f ^ 
^-^^yuS^j ^v^9o ) 4 2 1 LT^#^bi^-5o 

(0 0 5 3) ±fS(7)J: 9?:^. ■^^m<r>A \ G a N^f ^ 

G a N*^^»fl^3 0 3^=^\i'^^'y-r;\^j^^^^^fcm 
(C. I nG a N*^^Bj»l^3 0 4(7)nit'^$^=^'>-y/UiS:g: 
^tTV\ •t<7:)±(C|ifiiST-A I G a NmSfi»lK3 15^ 50 



:E.t:-^=^'>-yyU^:g:LTl>6(7)T. AlGaN*J^^» 
813 1 5li. -ffJi^^^nT L^o/t'^/hTv^Sii^iiA/ 

1 G a N:i:.t:"^=^i/-y/U^:^^3 1 5, 3 1 6 ^ f 
^i/-V/U^:^^^t9^<tlCj:0. A 1 ^^^^/^^.^G a N 
:3if^=^Vi-/W'^:^® 3 0 5. 3 0 6 tO^-g-JCtt: fli 

*^P.^t^A 1 G a N:3ie^?':^rv'-y>'l'fiJ(::g^S«(DK 

— O^HfcA 1 G a N:3i fi5'=^'>-y/US®4 2 1 JJ^^jBS^ 

[0 0 541 HtC. ^M^tC J: D . mm^A 1 G a N 
\^^^iy^J\^fSL^m3 1 5Sr/A 1 GaN3^e^=^i^-Y 
>'l-fi)c:^;i3 1 6 7i>^^/^>5ffi[^(*:t . GaN^f^^v^^ 
^l-^S^3 0 3 J: '9T01^>^r><TS«3 0 l ^-C(7)a 
mmz.mn-t^(OX\ AlGaN^ft5'^v'^yuSIR4 

2 1 ^v^i^:7r-<T^^3 o i ^^^i" 

6j^^|gt>^<. i£/>^{-MNFrBlT% A 1 G a N:^!^^^^-^ 
A 1 G a N^e^^iz-ryUfiJcS^ 3 1 5^U^3 1 6 ^ffl 

i^Tv^5(or% ^4xmcomtB^.y5"v^^^^^ciov^T. 

AlGa N:3ie^J^:^'>^yU^:i:^3 15, 31 6 :/ 
^l^^mm^n-t^l nGa NJ:f^:^v^^yWj*:^g3 

0 4co^>>^>'^igffir*^^$ix6 r3iio,^>>/^^ 

T\ +5>?:t^tB^5/^>'^tCj:»?. 1^7 (a) {^Tv^-tm 
[0 0 5 51 (mi <r>mm<omm : t^— OMit 

::^?^) r 9 I- Lr^#btL/cG a N^i e^^>> 

-v/i-s«4 0 1 ^m\^^fzy^^^(o^ 1 (Dmm<Dmm^^m 
i>^^mi*^m&(omm:fJmti.x. n^^mi*^\^-if(om 

[0 0 5 6] ^^mcom 1 <ommo:>j^m^zgf,^^ 

^U— 1^'fi, nig (d) tC7j^-r<t Ptd. GaNait'^=^ 
i^^/^&^4 O 1<D±\C^ nMG a f^^v'^yu^ 
fi®4 0 2. n^A 1 G a NJ:f^:¥>'-V/U^g:^li4 0 
3. nmc ahiriL[z*^^>^/Uf&^m4 0 4. MQWfS 
{4^4 0 5. p^A I G a N:3ifi5^^>-'y/U;5Xg^4 0 
6. pMG a N^f^^v'^yU^:g:^4 0 7. p M A 1 
G a N:iie^:^v--t>'U'^jtS^4 0 8. p^GaNJ^^iJ^ 
=^v''V/UfiJc:^^4 0 9. n^G a N^f^^^vz-v/l-fife^ 
^4 10. pl^G a Nait-^=^'>-t/W'fiJc:^^5 1 , p 
Ga N^l^^:^'>-^/U^£:^ji5 2^. Z(Dm\cmmi^ft 
my^^m^t LX\^^^^ (119 (d) d.T^-fi n^ 
G a N^f^^fv^ -V>'U;«gS4 1 O^MiiL. p^Ga 
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or> p^G a N:nt*^:^v'ir/l-^:g:)i4 0 9(7)[13^CO 

MQW®j4S4 0 50iS]{fiij^^ 7 y K^<b/^6 n^A 1 
G a N^e^5'^v'-^/l'^:gji4 0 3 J^tl^p^A 1 G a N 

^y^=':y'^^hmxh^. p^G a h'"i5' 
:^^5 2iCH, r/- Kmi3i7 1 2)5;^--^ 

J:f>lCjI^fife$nTl^6o X. p^G a N:nt-^:3^rv--Y>'^ 
n&^ms 2t^hnmG a N:nf^^v'-r/l'^:g^4 O 2 

y~ Kmffi^*9tt5Lffi^<Dj|t^fC^titiLfcn^G a 
t:*t5^^'>^/W^:l:Ji4 O 2tC;«^y— K^^7 2;5^ ^— 

a N:3ifc:''t$^:¥>-Y/l-^:^il4 0 2Ji. ^^m^^^(D:t 
--^iy^^>^^ hm-Ch^o 20 

[0 0 5 7 1129 (d) {C7jk-r:^^m(Dm I (Dn^iom 

[0 0 5 8] (-r) 5fe-r. l§!2tc^i-J: ^/.^MOCVD 

i^\^Ki:^*^hmim^^ (RF) mm=^^ /i-s 2\^mm.^miih 

tR4 0 1 ^;«)D^L. 1^^r:7'^ffi*^Sl l 5 0'C(c/i!6J: ao 

4 <Dm^^^m^thl.. mm (sd mmconmc aN:j^^' 

^^i^^/i^^S:m4 0 2^. m8 (a) (C^-fJiptc, 
G a N^f^:^v'Y/^S|g4 0 1 (D±\,cmm4 u mT'J* 

S^S^AOOn^A 1 G a ^ ^i^^ /X-J^^M 4 0 3 

^S:. n^G a N:iitf^:^i/^/U^g:l:^4 O 2<0±(C. 
O. S/imfifeS-r^o TMA(7)#^^^^f^il:LT^I#)^l^ 
TnMG a N:i:e^=^>'-Y/^^:^^4 0 4 n^AI 
G a N^t:'i?^=^'>ir/l-^g:^)l4 0 30±{C. 0, 1 /i m 40 

[0 0 5 9] -tux. TMG. S i H4 <DW^^ 

^MSj^^^^-r^iT't^o^ 1^•fe>^l5^m«75^ soot: 

(c^^LTTi-^. TMG <>:TM I $:^^L. t> 9 1 
-foffi;© L/cTMG TM I ^'^fflv^t 4 -<r co 

I nGaNS-^^F (QW) mi^t^htji^m^^M (A^T 
{CioV^T TMQW^^l^j <^V^7o ) 4 0 5$r. US 

(a) iClTj^i-J: pditSlt-^o MQW^11S4 0 5I1. 



I nG a N^f>5^drv'-V/V'^:^^. fiT-PtM^^LTI 
nMfi£3%Tlf:$ 7 nmoy I nG a N^i t'^ ix-y/U;* 

^mzmmi^xmf^-r^o 

[0 0 6 01 (^^) TM I <t TMGc^W^^^^f^il: LT;b^ 
-^"^-y^i^^^l 1 5 0*C(Cj^i-, i^iry^tUg;i>i 

1 1 5 0t:ic3c;tLT;6^lb. TMG. TMA^O^C p 2 
Mg?r#^?^LT. -^i/^t^v'-^A (Mg) V^nW(DpmA\ 
G a N^f<5^=^v'-tyU^g® 4 0 6^, MQWfSt4®4 
05(7>±i;i. 0. 0 4 mnj&^^^^, m^^XTlAA^ 
^•9. P^G a N:3ie^^r>'-t/U'/*:g^4 0 7 p^ 
A 1 G a N^t:'^:3ri/-V/l-^g^4 0 0. 1 

m^:g$ii:5o SSTMA$rii;DnW«^LTp^A I G 
a N3it^^=^'>-V>rU)5)c:^Ji4 0 8^. p^GaN^it^^Jr 
^v-'Y/l-fife:^^4 0 7(O±IC0. 8 /i m^S $ ii-^o 
V>T. TMACD^^^f^JhbT-tO^^-v'^^.v-rJ^Afis 
;(lD<OpS^G a N^tV^>^/P^:^Jl4 O 9^. p^A 

1 G a N^e^:3f '>-Y/^^:^/i4 0 ScOjifC, 1 ^ mfife 
g^i^T^o Cp2 Mg0^^^^ffjl:-r^<t[5]^ 

iCTK^X^^LfcS i H4 :^^^m%t\.X nmo:>G a N 
=^\i^^\y^/i^j^^m4 1 O^^ p^G an:x^\::^^^y 
-r/^^g^4 0 9C0±;c. 0, lAiiti^S-r^o 

[0 0 6 1 1 {^) ^cof^, TMG t S i H4 
j^^f^JhL. i^i^iS:!raSft=i></U3 2--'COiim^f|tih^ 
60 1^-t■7'^faS755 3 5 o'C^TTi^^oyh^^l^T'. N 
n2 (DWi^^^St^ho lU-LOj: 7tCUT. (US (a) 

(c. (27j^^^»&U7tv-y 3>-®^<bM (Si 02 m) 

U^T^ h^>'/b:^C3^^ V (CF4) ^(D:^^y'f-l^ifmfS 
^<Srfflv^fcS/^^>t4-<:^:/:3l.y^v^ (R I E) 
S i O2 n^^L. n^cDG a N^f^^v- 

ir/l-^^®4 1 0(^:31 ty^V^ffl-^J^^^JfM-r-So ^ 

v^T, (c 1 2 ) ^f\.\^^m\Mm 

(BCI3 ) ^m7LtliS:^^:r.^y^:y^^:^y^ t\^X 
^l^/cR I EtCj: 0. mm,=^^^^i^-^/^l^^m^^y 
^:/i/i-^o w(DR 1 Etl. nSiG a N^e:^^^^^^^/!. 
1*^® 4 1 O^SiiL. p^G a N:i:tf^:3t.v.^yi.^^ 
;i4 0 9{C. ms (b) tCTj^i-J; 9?:clMlgi5d??^fig$n^ 

[0 0 6 21 (?^) Dfl^ffMlCffll^ycS i O2 -^^^ 
^> ^<t:T>'^^^>A (NH4 F) i^mmt^htj:^S i 
O2 ::n'y^>'>/fi^X^«9l^<o ^ LT. l)?-^. ig^ 
iiif^=^ ->-r/l-^gjl;i5ita[^tlfcG a N:3i t"^ :3(r v-y 
/i-StR4 0 1^. El2iC7j^"rMOC VDSIHcO^'tC^A 
-r6c ^co^^'b. NH3 ^cftL/c:^^r'iiPi;^^^;^JDl?!^:n 

-r^w-s 2tc<t6ADi?ft^M*&Lr. 1 1 5 orx^j^t^c 
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5 ot:t;i*svNr. tmg<^c p 2 Mg^^^j^L. pmc 

p^G a N^t'-^^^-y-YjUf&^mS 1 ^mm(DC p 2 M 
4 0 9(D^tmcM:t 1 mnCDf^m:- X ^ . 9c-rm 
Jl5l(7)±(c, ^8 (b) 3e«-. Cp2 

Mg ^^IC SfigFOaiCti^L/cp^G a N^t'^^v'-V 

itu. liiJ^i^^DfR^'Y/t'S 2--oiil|;$rf^ih-r5o i^-fe 10 

v'^raS;?)^ 8 5 oT:^-CT;<i^ofc<t :i^r\ nh3 co^ 

^tltiG a N^f t?^^f v'ir/^S^4 0 1$:. MOCVD 
tC. ii3^3if^:¥'>-\'yW'^:^^;dSi«fl|$ttycG a Nrnf 20 

mm^^^mm^m^m (sem) ^ffiv^Tm^-t-6. 

C<7>t^ffiS EMSSI-^ pMG a N:Ilt"^=^>-r/^ 
[GO 6 3) i^) ^j^m=^^'i$'^i^^/i^fi^^m<D 
«:±^Op§2G a Nrnt'^^ ^-t/U/iKt^JiS 2±(C. S 

D y^^y ^mRrjR I E^cx^ . s i 02 ige i <Sr>'N 

»rffiSEMaig{Cj:05i^LfcpMG a NaifiJ^^ 
i^-V/l-^ft:^S 5 2 7i^<bn^G a N :r, if ^ ^ iy ^ jUfjji^m 

«coi.y^:/>/^#$r^^i-^, S i O2 m-^:^^ 6 l 
^fflV^fcR 1 EtCjloT. 1119 (c) n 
^G a N:iif^:3{^^>^/u^s^4 q 2tmti^-t^'^Xm 
^(OR I EJ^, m^it. C 1 2 CtltCBC 1 3 

[0 0 6 4] (h) :^y^>^m-^:^^ 6 I tL 

X(DS i O2 BI6 1 ^^L^t**. ±®lCn^G a 
\:^^^i^^/\-f&^m4 0 2{CMi-^:^ KmiS7 2ffl 
<7)^JR»IIg^ Ur.^^^V (T i ) ^2 0 nm. ^ (A 

u) ^4 0 0nm$:. /^^coK^^lr?fe^>^/ ' :y ^ jfeT^^ 

t'=km\^^xmm-r^o ::<^i*, si 021^61^. nh 

139 (d) <c.i^-rj; i>t?t^6 y :7 
tR6«)tc:;S7y- Km8i7 2d5>"?^-:=i^^^^$ix^>, nMG 50 



a U:^^^^^iy'Y/l^f^^m4 0 2^<r>iJ VmM7 2 

^m. ^iMiT i-^Aui^^i6/ca^^iiig-«^^^t>^«g 

T'fo5o ^(O'ik. mtzfJiS i O2 ^^C VDjfe-Cii«[-t 

f^>'i/ffi;t^;^^^i^7tR I EtcJ: 19 , r.c7)^/c/.^ S i O 
2 — pS?G a N^f^^v^^/Wfigg 

^ 5 2(7)±^;ii5Smi-6<t frfc/^S i O2 Mco— 

m^fMV^U^Bjii^^. ^LT. pS^G a N:ii t"i5^=3^C/ 

-y/ufi£:g:^5 2(c*ti-^ry- Kmffi? ifflo^m»^ 

t\^X. =:^y^jV (N i ) $:20nm, Au^4 0 0n 

m. n'^mmm^^^^y^y ^mf^^^^Wi^^^xmk't^o p 

MG a nz^\^^^i/^J^J^^m^ 2^<DT K®^ 7 
IffltO^jRWJN-i: LTIl. N i / A u (D»|li«it(^ftfe 
(C. (P d) . T i . (P t ) . I n(7> 

mxih^o ra>^. S i O2 m^. {V 7 V:ty) 

pS^G a f^ar>-y/u^g^ 5 2(7>Ti^<:0 

— OT<o;^f;;i. El 9 (d) (ctj^-t J: pi-, ry— Km«7 

1 ^5yN-^^=:>^$tt5o r0^8 0 0t:T55^f^. ^ 

L< fi7 0 0^X2 O^^Pb^^. ^^#ia^ + -cf^*0;S 
^^T oZ.tXid y- Km^si 7 2. T y — Km^ 7 1 * 

I 0 0 6 5 1 )^±<DX 0 fi::^%m<omM(DMm\^^.^^ 

0*CT'#1±(7)i!|^^|ltebfci: 5 mWcom;^:^?^ 

^^Pli^^^l^tTb. iibf^m^?)^2{^tC/^5^T*CO^^^ 
^'J^L/Co #^^liy«Lfc^i^{l^|&T2 3 OflaT'*i>o 
tit^^ 5 O 0 0^racoi^^$:7j^Lfc^^Ji2 1 2<®-Cfc 

(006 61 ^^m(om:m(Dw^m\:i^.^^mi^m 

V. 2 0mAT'^raiCXigi^^lgLTl^yc75^ 5000 

[0 0 6 71 z(Dx.o\zif.m.m(D'mm(r>w^m\:i^^^^m 

G a Niiif^:^^>-t/l-S«4 0 1 m}hX(D^\^^^\,m 

i4®4 0 5{i-jfi<7)^ffi^SEMa«$rlllfeU/:i7!)^ Ii« 
L/::tBISP^ic{j:[§l 1 3 Ic^^n/c J: 9 ^PlSlc^af 

it. 
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10 0 6 8 ) ikIC, A 1 G a N/G a N:3ib:*^ ^ >-r^^ 
5«4 1 1 ^m^^tc:$:^m(o^ 1 <D^m(omm(D^Mm 
micomm) {m^^mi^mm (n&^mi^i^- 

•^1 (Dm^j^:^m^m.m'r^o mi o (b) {:i^'r^^m 

-^vx. m^^m\.fzM^ (a) -13 9 (d) t^msi 

[0 0 6 91 (^) ^-f. ll2tC7j^-rMOCVD^gCO 
CO±iCgl^/cA 1 G a N/G a N t" ^ ^/ /UStS 4 

1 1 ^:^JD#fiL. -t^^r^:$^raS:65 1 1 5 ot:ic/^5i 9 

2fel/^r% TMG^S iH4 (0^^^^r?3^^L. 
S i mS^(r>n^O a Na:ft$^^v^^/Uj^^Jl4 0 2^. 
A 1 G a N/G a N:^! t'^ ^ v'-^yUg^S 4 1 1 (0±tc;$ 
:^-r6. -tO^, TMA^iJli^DW^i-^r ^tC<i:or. 
S i Ss^On^'A 1 G a N t'l^' v'^/UfiK:^^ 4 0 3 
n^G a N^b:'^^^/-yyL'^S^4 0 2C0±(::^:g 
-r^o TMAO^t^ig^f^JtL-C^ltgEl^r nS^G a N:3L 
e't5':^ix-V/^fiS:S^4 0 4^, nS^A 1 G a NJifiJ'^r 20 
v--y/l-^:^^4 0 3(7)±|:i;7g:^-t-6o ^br. TMG. 
S i H4 O^j^^f^JhL/cf^. i^irT't^ra^^S 0 Ot: 

m&tf^. 8 0 OX:{c^^Lrd>^. TMG<?:TM I $r#t 
^i^L, 9 1 ^^-f O^SLfcTMG <b TM I co^-fv 
^fflV^T4^rco I nG a NOMQ Wfi&jiil 4 0 5 ^ii 
«[i-^o TM I i:TMG<;5mf^^ffcjhLr;0^<b. 1^ir:r 
^T&g^ 1 1 5 0T:JcM'r. 1^iI:r^^&.^;e>5 1 1 5 or 
tC^^bT7i*<b. TMG. TMA^t/C p 2 Mg ^^jf^ 
LT. Mg^ADOp^A I G a N:3it-^:^r'>^/U^gjl 30 
4 0 6$-. MQWfSH® 4 0 5cr)JitC^:i:^iJ:^, 
TTMA^^O. pS^G a N^fc:'^:^>'-V'/^fiK:^^4 0 
7^. p^A I G a N^f^^^ix-v-yU^g® 4 0 6cO± 
lCfi)t:g^-fr5o ^^TMA^rii/jD^i^LrpMA 1 Ga 
Nrch^^i^^-^/U^-^lf 4 0 8 p^GaNint*^^ 
i/-y/Wfi^gS4 0 7(D±(c^g$ii:6o ^?c^^T. TMA 

^v^-y/l-fife:^^4 0 9 pS^A 1 G a N^f>5^^>'-y 
^^*;g®4 0 80±tC^g^-ii:e, -^00^^. Cp2Mg 

OG a N^e^^rC/-V/^^:^^4 1 0^. p^GaN::ii 
fi$^=¥v--r/Ufi)c:^ii4 0 9co±(C^^^5o -^fT^f^. T 
MG<t S i H4 ;^;^(7)^j;^$:f$il:L. R F;^D«a=» /t^ 3 
2--(Ojim$rf|Cihi-^»o •t^-feTT'^MS^iis 5 o^Ctr-T 
;65oy^c<t Z^r% NH3 <7)^i?^^ffih-r6c JL^±0J:9 
tcLX. mio (a) (CTj^-r J: ^/^^®^||it(OiIi^^3le 
^5^ v- /UfiK ^ n ^ n -5 o 
[0 0 7 01 (a) 1 0 (a ) tc.T^fiSl^^e 

i5'=^c^ir/^fiK^So±tc:. |g|^^r«liSLfcS i O2 
*iffl-r5o ^LT. S i O2 IK^v-?^ — ->^/L. so 



COG a f^=^v'^/Ufi5c;g^4 1 0 COji :y 

i O2 '^:^^) ^ffli/^r. ^'jxii*. R 1 E{cj:*9. iiigc 

Vt^ n^G a Nriih:-^^^/-\'yU^:g:;i4 1 O^MiiL. 
p^G a Nict-:?:¥C/-Y/^fK:^^4 0 9tc:, lM)^;65ff^fi)c 
^n^*"Cffl5o [MJBJF^fiJcJCffil/^Tt S i O2 -^^^^^^ 
S i O2 ^'y^>'^?^T'^OI^<e ^ LT. 
)S^^^^t:•^$'^i^•\'/^^gJl;^^it^$^^/cA 1 G a N^G 
a N^f^:^>'^/W'S^g4 1 1^. Ej2iC7j^t-MOC V 

*T'R F:^JD^=3-r/^3 2(Cj:6;^}nfi^r?^^r^LT. 115 

ot:T^^Lfc^:i5-c\ ^®^SiSri-6o -^lt. ■^^ 

ir^^faS 1 1 5 0*C^C*>^/^T. TMGi:Cp2MgS: 

-tir^p fHLrOp^G a N:3if^$':^v/-^/U^g^5 1^ 
:g^OCp2MgftH. 5fetC^:^Lfcp^G a Nmt'^ 

^v'-t/l-^:g^4 0 9^7)B#<bf^Cl:^ 1/umtO^g 

(c<t«:). 9t-tU-:>fzmu^m.}h^. ^cop^iiG a N^^e 

i$^^v'-r>'l-fiK:^jl5 1 CO±{C. JEtC, Cp2Mg^^.(C 
3 fg<7)4tCii-^ L^c p ^G a t:->5^ v^-V ^l-fife:^]! 5 
2^^:^$-^6o -^(Ot^. TMGCO§t^;&^f^ihL. RF 
:(ja^=i'ryi-3 2-^c7)iSm^ifih-r6o -t^^r>^^^aft;65 8 
5 0'C*-eT:dSo/c^^5T% NH 3 

<tw5T% ii^3ifi5':^fv^-v/U^:g:^d5it«$ix/i:A 1 
G a N/G a N t' ^ =^ -y >'^StR 4 11^, MOC V 

$n/^A 1 G a NXG a N^ii ^ 4 1 1 (T> 

CCO^SS EM^IgtClJ: 19. p^G a NJ^t"^5'=3|^i^•t/^ 
^:^S5 2C7)^^®7)^^, n^G a Na:l^^=3|r'>-V/l^^ 
4 0 2 ^T'O^gt^gij^-r 

[00 7 1 J (xn) ^^(-^ iiiK^if ^^^v-^/vjeKgSo 
l:±^COp^G a N:iit'^^>--V/U;5g:gS5 2±{C. S 

i O2 ^6 1 ^r^^-r^o ^UT. Si02^6 1^v'< 

l^mfSL-t^o -tLT. ^{C. ^® S EM|^^{CJ; f9 5t 
^LfcpSiG a N:3ie^$^=^'>-^/U^:S:® 5 2 7J^ibn^G 
a N^fc'^5^^ >-vyi'fi5c:g»4 0 2 *T*<75i?^ >£:Stc L 

-r-So S i O2 m-^:^^ 6 1 ^^v>/c:R I EicJ:oT, 
n^G a N^f^$':^r->-y/U^:g:^4 O 2 ;5S»tbi-5 * "C 
ffl^o 6 1 t LXCDS i O2 

me 1 ^^L/c^*. :i:®tCn^G a Je-V-yyU 

^^®4 0 2tc^-r5:^y- h^mmi 2m<D^mmmt 

S i O2 ^:yf^>i/?ST'(^^-r6o EIlO 



(14) 

25 

s i 02 {vy h^y) -THit. pmc 

10 (b) ic77^-r J: 9tr. r I ^^y<^—=^ 10 

[0 0 7 21 0 ^j::$^^m(Dm l cDHJgOJf^^O 

Ml-. A I G a N^G a N-x. t"^ ^ v-^yUg:^ 4 1 

5i;!>^i6bn/Co MQWfS^4^4 0 5^^-i£(Ot^®^S EM 

0^liU^\tn.htl^J:t^ofz. A 1 G a N/G a N 

^t'^arv^^/US^4 1 1 (D^±,m\Z.A 1 G a N®;i>5;j^ 

[0 0 7 31 2^t-x A 1 Ga Nin v--^ /UStg 4 2 

1 ^:fflv^/^;*:^^(D^l(0||j!f£(0?^teoft!l<0^ff^^J (H 30 

mm-nm^mm-r^. m\\ (b) i 
iil9 (d) ^SM^^x^r*®iit-t6r <t;6Spj^r-^6o 

[0 0 7 41 ^-f^ (il2|C:^i-MOC VDS^gCO 

3 3<0±^C®V^fcA 1 G a N^i t"^ ^^t" i^-y /l-S 
«4 2 1 $r:^Dfl?^L, 1 1 5 0t:^c:}oV^ 

r, TMG<?: S i H4 tD#^*&^^^&L. n^GaN^ne 
^^iy^Ji^l^^m^ O 2%:^ A 1 G a N^fc:*^:^v'-\'/W 40 
StS4 2 l(7)±{C^S^6o ^Of^. TMA^ii;^)D^)f>^ 
•r6C^iCj:oT. n^A 1 G a N^e^^?^ Cx-y/u^g 
®4 0 3^, nSlG a N^t:'^:^>-^/W^:i:^4 0 2CO 
±ICjS^i-So TMAOmj5a^f?ihLTn^G a N:3:k:• 
^:^i^^/^fiJcS^4 0 4 n^A I G a N^e^:^'> 
ir/^fi)c^^4 0 3(OJLlCfi)cg:i-6o ^LT. TMG. S 

X'T\-f\ TMG ^ TM I (DJ^ Vi^ffiV^T I n G a NcO 
MQWfg1^ji4 0 5<^ltlH-r^>o TM 1 TMGcO^jf^ 
^^tihUTTi^b. i^ir>^^^?aS^ 1 1 5 0*CIC]^U. T so 
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MG. TMA^U^C p 2 Mg ^^j^^LT. p^AlGa 
Nnit:'^:3S^v^-r/l-^^^4 0 6^. MQW^ttJl4 0 5 
<D±.\Zfii^^^:bo m^XTMA^m'O . p^GaN:ii 
\f^^>'^J\^J&^M4 0 7^. pS^A 1 G a N:m:'^=^ 
v/-V/W'J5)tS^4 0 6C0±iC^:^^ii:6o S^TMA^iB 
;?)D^^^L-CpS!A I G a ^ ^ ^ JX^l^^M 4 0 8 

Sr. p^G a N^ft$^:^'>^/i.fig^@4 0 7<0±JC^:^ 
$-^60 il^l^T. TMA(D^*^^f^lhLT-^(7)^^ p^ 
G a N^t:-^^f-i/-Yy^^:^^4 0 9 pMAlGaN 
:i:t'^=^ix^/U/$S^4 0 8<^±IC^:^^-^^. 

^m^\^X. nSicOG a N^e^^->-V/^^:g:Jl4 1 0 
pMG a N^e^:^v'-yyPfi)c:^^4 O 9CD±tCfiKS 
-rSp -^TiO^. TMGt S i H4 ;?f;^<7>^jf&^f?ihL. 
i^-lr:7^^?aSd5 3 5 or^TT/a-oyh^br^^-C. NHa 
(DWit^W±^^o 4^X±coJ:9«CLT. lai 1 (a) (c 

[0 0 7 5] (D) m 1 {^Tr^-rmm.^^^^ 
^^^^^/\^j^^m(oi.\z^ s i 02 i^^*ia-f5>o -tu 

S i O2 m^^^^ — ^-^^l.. n^COGaN^f^ 
=^>'ir/^^^fe:&ii4 1 0<O:^y^>^m'^:^^^mm,ir 

li. n^G a Nniei5^:¥e/-yyU^:^^4 1 O^HiSU. 
pMG a N3it:"^:^i/-Y/i-fife^il4 0 9tc. Da^;65?F^J^X 
$tt5*-ClB^o QD^f|5?F^fiK^wfflV^fcS i02 
S i O2 ^y^>^i^XmKl^.<. ^LT. 1.9— 
ilM^f^J^^i/^/l-^^^^ld^it^^ixytA 1 GaN^ifc* 
^^iy^/i'm^4 2 1 SrMOC VDi^M^O^jciiSA-f- 
ho -^LT, 1^ir:7'^raSl l 5 0t:(CiBl^T. TMG 
^Cp2 Mg^^^^^L. p^G aN=^yz'^^iy^/v-f&m 

N:tt:'i$'^->-y/WJ*g)l5 1 <0±tC. 351-. p^G a N 

:3it-^ar'>^/U^:^^5 2^^:^$i^:5o ^CDm. TM 
Gco^^^^l^JhL. i^*fe:/i$'yaS>i5 8 5 0t:*T'Td^o 

fc^^5r\ NH3 (o#^*&^f|tit-r5o c<7:>?*. Mict^ 

^^i^^/i^f^^mtimm^titzA \ g a N^f^j^^v'-y 

/i-St54 2 1^, MOCVDSgB;^»>P>]fei9m-ro 
[0 0 7 61 (/^) JJfctC. iS)^:3ie^:^v/-Y/W^SJi<0 

^±^C)p^G a Nnie^^v^-^/lx/5)c:g:^5 2±iC, S 
i O2 1 ^^«i-5o LT. S i O2 ^6 1 

1 ^fl^^-r^o ^ur. s i 02 M^T^^ 6 1 $rfflv^/cl 

R I E(Ci:or, n^G a N:Jif^^r->-YyVRjcS®4 0 

t LX<OS i O2 8^6 1 ^r^Urc*^. ^ffiiCn^G a 
NJ:t'^^'>-y/t'^:i&l|4 0 2\cn-ti>:^y— KIWS 7 
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(Df^^s mi I (b) {C7r-tXo\z^ ;^y— K^^^«9 

^>^^n^o •^<7)^, tf/i/.^s i 02 m^mm-t 

6a ^LT. ^C7)ji^fc/^s i O2 BI^^N^-:^>^U. 
j^fc/^fS i O2 ^<7)-a5;cr^p^^ff$^'f 60 

m-t^o ^(om. S i O2 m^. h;?h:7) i- 

U(r>^{z. mil (b) tCTj^-Tct 9tc. ry-KmH? 

[00 7 71 J: 9 ^j::^mm<om I <Dmm(r>mm<D 

5o MtC, A ! G a N:xt*>:¥v'-V/V'S<S4 2 1 ©f'ST* 20 

^fi^e>n^c^7i^o/Co A 1 G a N:r.fc:"^:^r>--r/^ 

6^^;l^6^±UTv^So 30 
limn. v^^t^m<DXoi:i. cm^yr^rm^<r>xo 

^^1&in.(DG a N^e<5^^r>'^/uS:tS4 0 1 1SrfflV^6w 
iC. (SitSfei: (Iii:^)i3efe5&-S) (OG a Noif^^v/^yu 

mm4 0 i(Dmm\zm.^. r i XAu^(D:^y~-h*m,m 
j\-mm4 0 ms (c) iCTj^-r^fi^'^^i/i'/U'fiKg 

B^tC. Si^7X10'7 cm-3 7!;3i 2 X 1 0 » » c 
1X1-3 ^iS(c K-tf>^L-C*5ttt^^l\ ^LT, ceo 
iii^S^ife^SOG a N^t:*^^^>-v/U'St54 O 1 (0± 
(C. nfl^G a N^e^=^v'-^/U'^:^^4 0 2. n^AI 
G a N:3i f^:^->Y/l.^;^g4 0 3. n 1/G a N:ii 
=^->^/WfiKgS4 O 4. MQW^14^4 0 5. pfl^A I 
G a N3it-^^e/^/^^S^4 0 6. p^GaN^f^ 
=^v'ir/^fi)t^S4 O 7. p^A 1 G a N^t'^:^v--V/U 
^K:^S4 0 8. pS!G a N:xtf^:^*>-y/U^g8 4 0 so 
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9. n5!G a N:3it'^^v'-v/U^S^4 1 0. pl^Ga 

>5o E) 1 2 (v^-f-J: 9 nMG a N:i^ ftJ'df.v'^yu^ 
SS4 10^miiL, pS^G a N^f^:3ri/-\'yU|«S^ 

4 0 9(Cii-r6lM]^;i>5|3:tte>n. tL/c-oc7). n 
^G a N^f^^r'>^/U'^SS4 1 OX>5||;^:/c2 ^y^jf 
^IH^UTl^'So tifoT. p^G a N^f^:^v^-^/U^ 

0 9<Dmu<DUi^(D:^^^Lxm,m:^mti. mq 

Wf£i4^4 O 5lc:ioi/>T. ^^J:<L — -^'^m-t^Xo 
fc^/5)c^nTV>6o MQWfSti^4 0 5cO[Si^j^i^7 
K^^^'jr^ n^A 1 G a N:^^ t':?' v-^/U^g^ 4 0 3 
S.U^p^A 1 G a N=i^\i'^=^iy-YJUf7^^m4 0 SXi^Ay 

6o Mc±m<opmG au^\^^^iy^/\yf^mms2n. 

M^^P^^^&<D:t— ^y^^l^di'^ Vmxh s p ®G 
a N^f:$':^v-^>rb|S:^Ji5 2«Cf:i, NiXAu^(7:)r 
Kmil7 1 /i^^:^--^ >^S^i-5<t ^(^Jf^/5jc^ixr 
V^6o li]9 <tM?',^*9. p^G a N^^^ftJ^^iy^yt-fijc:^^ 

5 2 75^^n^G a N^q t*^ v^-^/^fiJc:^® 4 0 2 ^C§|i- 
6 y — K^l^^ »9 t±i Lfflf^li^T^iir^fc 5o tt^oT. fltJ 

iiEo<t9/^. ^ y^v^ffl-^^^ 6 1 cojfMxm^. 

(D=x^^y^>^m-^:^i:^ 6 1 ^;^V^fcR I RlL^T^^^m^ 

N^fi$^^v-^/wSt^4 0 1 cogStcii:^. ;?;y— Km 
^^7 2;55jf^^$nTV^6(OT% 1 ^^^/c"9.1 [51COr7>< 

I 0 0 7 9 1 X. iSitiSin: (i^^^Nt^^-^) co a l G a 

N/G a N^t':5'^>^/uS^4 1 1^L< JIA 1 G a 
NJit^^5':¥v'^/VS«4 2 1 (OKSlCiilg^, Ti/Au 
^(0;«7y-KSfii7 2^;^— ^ y^S«*Ufc«igOiJt« 

A 1 G a NXG a =3?- 4 1 l ^ L < 

A 1 G a N^f>?=^i^^/WS^4 2 1 1^, -ttt-etL. HI 

6 (c) RXj^m7 (a) tC.T^-rffl^(*:^#5/c*!>(7):3it- 
i5'=^r'>-^/^^gB#|C. Si ^7X10 '7 Ib^ 
2X10*9 cm-3 m«tC K— f>>/LT:fclt«;f. ^ 

[0 0 8 0] (^3 (Dnmcomm : l ED(Dmmijm 
miRrjm2<omm<Dmm<DmM\:iio\^^xn. ^mi^i- 

i:><Dx\tm^\ ^^m<o^3<Dmm<Dmmici6\^^xu. 
mis^<Dmm^^h^^L ED (Dm^:^mt.. m3r}mm4 

tC7j^L7t;^&T*fflSbJtG a Nice^$^:3r >-V/uStg4 0 
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10 0 8 1 ] (^) $fe-r> m3Tjmm4{z^Ltc:^mx'^ 
^^mcoG a Nii^ f^:^'>^/ustS4 0 1 ^mM-t^o 

G a N^e^:^v--^/U'Stg4 0 1 (0±|C. ms (a) {C 
^"fctptc:, nSiG a N^t*t$':^'>-r>'W^:gJi4 0 2. 
nS?A 1 G a N:3^f^:^^>i'/UfiK:g:Ji4 O 3. n^Ga 
NJ:f^:^'>-Y/b^:g:^4 0 4. MQWf§i4^ 4 0 5 . 
p^A 1 G a N^t*i$'^'>-V/W;55t:g:^4 0 6. pS^Ga 
N:3ifi$?:^^/^/U^^g4 O 7. p^A 1 G a N::iit*^ 10 
=^i^-y>'l-;?)c:^^4 0 SRrjpmC a N ::n t' ^ -y /WfiJt 

«cU~-t^-<?5Mjt:^&<b^/<C6;Sli. pMGaN^t'^:3f 
4 0 9CO±(C, MtC. nMGaN^t'^=^ 

^>-r/l-^:^^4 1 0$r^:^1t-r. mm^^'^^i^^/i^f^ 
ftSr«^T-r6^-C^^o BP^. ^^OMJ?<Op^G a N 
^f>5^:^v'-y/i^fiJc:g:Jl4 O 9;65^^L.fcP?. TMG<0#t 

-^LT. 1firy:?yUS;i^8 5 0X:*X*T;6io/c^C 
;5r% NH3 <D^^^f^ih^^>, ^{c^-^y^^ 20 

-V^l-fi}c:^^;65itSl$nrcG a N f ^ =^ yUg^S 4 0 

1^. MocvDS^g;4^f>^f9m-ro "^LT. m^(Dm 

t\,tzG a f^^v'-^/US;^4 0 1 0^iZ2^cO— 

pS^G a N^t't5':^v'-y/P^:g:il4 0 9(0 
^^®/^^^. n^G a N^t'i^^^v'-^/W^:^® 4 0 2* 

10 0 8 2] (o) »:{c. mm^y:i'^^iy^/\-f$.^m<o 30 

^±^COpMG a N^f^^'>-\^/U^:^^4 O 9±(C. 

O^-^Ji. p^G a N^e^=\^v'-^/W'^:^^4 O 9;!>* 

Jr«^6<3tc»i, I TO ' ^ > ' 7t^'t-( 

K) ^fr^-fr^btts^ (Sn) l^:^«]Lfc®e^t:^>c^^>A 

j^. mtm (sn02 ) 

ffMi-^o ^ LT> R I EfeT', S i O2 '^^i^^m\^^ 

T. ft-rsp^mfii)i^/^i5'"^^^i/-r6. !5tc. s io 

5fet-. l|Fr®SEM^^iCj:i95ilSL/cp^Ga N:iif ^ 
=^>^-V/l-;«Sii4 0 9/)^hnmG a N:x- v^-y/U^ 

:^S4 0 2*-e<7>l^$^:SlcLT. KmfilSi t) ai 

tffift^lB»9. n^G a N3it*:$^^>'-^>'U^^/i4 0 2 

[0 0 8 3] {y^) IkK^ :^yf'>^m'r:^^^^l.tl so 



±®lCn^G a N:x.t"^:3ev^/U^:^® 4 0 2*C 

ik. S i O2 NH4 FTk^j^^coS i O2 ^^y'f- 

5S0>^m^i^6Oi^i22^tC^ii^it^<7)N i /Au^. Al^ 
C0^8 0 Ot:T*55>rBl. ^t< 117 0 ot:T-2 05>r^S 

60 

[00 8 4] dO^, 3 0 0 /i m^^O^y >^iC^f)aiL 

-vmM. ry- Kmfe«c;}<:/x-<>'i/i-6:ii:tcj: 

^i'J^L/c^C^, f— -:^Z^Sti4 8 0 nmT'^^f?, ai 
;/3Jl2 OmA^CioV^r 1 SmWr-fco^ba :L<D^t}n. 
'^^(O^ y r ^ TS;K^MO c v 0^(7)^*5 1 LfcKig 

:^^TMt^LfcLED(7)6 Of§J[^±T'feo/c, 
[008 5] m^i^^tiX 0 tC. ;$:^P^Oit^ig^$:S^MO 

<. iSitlg^cOG a NJif^^iy^/uSS4 0 1 ^fflV^ 

(C, :*:^PJom3(?3||J6<7>ff^^(OWfeLEDt>. ii5^^ 
^^SCOG a N^f^ari/^/bg^4 0 1 Og^tdiE 

COji5^3i3Bi|^«SOG a N^ei5'=^S/-r/l'^;K4 0 
lCO±tC. nil^G a N^nf^^v-^/U^S® 4 0 2. n 
SiA 1 G a N:nt:-:5':^v-i^/U^Kg^4 0 3. n^GaN 
3if^:^v'-lr/Ufi£:^^4 0 4 . MQW^ti® 4 0 5. p 
^A ! G a N^e^:^iy-r/U^gg4 0 6, pigiGaN 
iiif^=^'>Y/l-^:^^4 0 7. pS^A 1 G a N^fi5^:^ 
>^>'i'fi)tg^4 O 8>S:I/pS^G a N f ^ =^f- ^ yUfife;^ 
^4 0 9trw(OjljaiClt«t3t«itfC:Jol>-C. pSlGaN 

:^fi$':^v--^/P^S^4 0 9 (cry — vmM^^—^ y 
^S^-r6 J: 9lcfl^^i-ttti\ ^r^mfiiSit7)«feLED 

t^^lH-r^o fiP*>. p^G a N:iit^^:f^rv'-^/l-fiKSg4 
0 9 75^^n^G a N^^i t*^ ^ 4 0 2 {Cii-t- 

6;^ y- Km«i^ "9 m L^/^li^T^^T'^ 6o t^oT. 

•7;^^o?i^^xe^. :L(n=^y^>{fm'^^^^m\i^fz. 

iNfi^^S^ScOG a N:x. t"'^^ri/-V/t'SlS4 0 1 (T^SfiSlCiE 
;0 y- K«ei7 2;d5Ji^^$ixTV^5cOT\ l 
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10 0 8 6] fjiio. ^^m(om3<Dmmmm\^:^\^^ 

X. G a N^e^:3rC^-r/USte4 0 1 (7)Ri3^«9 Id. Al 
Ga N/G a U ki^ ^ ^ jU^t^ 4 1 1^L< 1 
G a N:3^ ft5':^v'-r/US*^4 2 1 $rffll\ :-<D±\C, M 

0 C V D & r Rff ^CO^i^^$^ <^ (C :n ^ ^ 

[0 0 8 7] i^<Di^(omm(Dmm) dco<t9(c. mi 10 
^xnm\^\ z<Dm7jkf)^^m^^\znm^fj:ixmmm<o 

[0 0 8 81 ^^'Jx.i^. lil3 7!;^!ll4tC:^L/c;^^T'^:t 
Lfc:*:^P^<7>G a N^i fi? =^ iy-^^/uS^s 4 0 1 coJitc, 20 

[0 0 8 9] fi^J^*i\ ME S FETO^-^ti. HfJi^L/c 
G a >-r/U^^4 0 1 . AlGaN/GaN 

^t'^5^:^i/-y/bS^S4 1 1^L< JiA 1 G a N^if^:^ 
->-y/l-S^4 2 1 CD±;c. 4 0 nmtOA 1 N:3if^$^^rv' 
■r/l-^:^^. 3 /i mOG a f^:^'>-y;U^:^^, 6 
nmCOA I N:3ifc-^:^^>^/u^g^^ ^-^^^/^^ ^ :^<^ ^ 
10 0—2 5 0 nni<;:)G a l<l =^\i'^ ^->^/l-J^^m^m 30 
(CL^^U. :rn (H+ ) mi.<n^D ^M. (H 

h y y i/7:7^^0^R I E^ffll^T*±^OG a N^f 

' V- h'^m^mf&'tH^'i. MEs FET755^ism 

3t56o i>3 • hffilSlj:, A I. Pt/Au 

'>-t>'l-S^S4 0 1 . A 1 G a N/G a N:iit:';$'=^v^-r/l^ 40 
StS4 1 l^L<*iA 1 G aN=ciy^^^>^/umW,4 2 

1 ^fflV^Ti:^itL/^:ME SFETI^. ^ ^^/U^CO^^b 

[0 0 9 01 HBMT(Dm^n. Htji^g L/cG a N f ^ 
^*>-r>'^S*S4 0 1 , A I G a N/G a N^t:*i$^^'>-Y 
/^S«4 1 1 ^L< (lA 1 G a No^\l*^^iy^/i-mW.4 
2i(7)_h(c. 2^m(OK^4 ( i ^) G B Ny<-yyrm^ 
=^\:^^^iy-Y^^f&^L. ::cr)±(C, 2 0nmC7)n^Ga 
N^ir^-y^Jl. 1 0 nmCO i ^A I G a NX^— t^^, 50 



1 5 n mOnS/A I G a t^m.'f'Wi^m^ . Jl|g(c:ii b'^ =^ 
S±®COn^A 1 G a Nm^tt^^^iC. T i /A ! /Ii^ib 

\.<nA\m-h^j^^y-hn.m^mfii'tti\^. GaN 
/A 1 G a r^^v' ^m-^^m^^^fcHEMT^mf&m^ 

ho nS^G a N^-V^^/l-^d: i ^A 1 G a NX-<— 

n^G a N^-^^-/U®(D±{C. i ^A 1 N>^^— 

^m. nmAxnn.^mm^m^zm.m^^. GaN/A 

1 N--T-pS^^^l>/tHEMT^^^UXtiav\ M 
E S FETCO^^irliH^JC, 5f:^^(OG a N^ e-tJ'^^^rC/ 
•Y/l-S^4 0 1, A 1 G a N/G a N:iit^i5'^e/-y/WS 
tg4 1 l^t<HA 1 G a N^f i$'^v'-y/US:te4 2 1 
^rfflt^TSUitUfCwixbtOHEMTI*. ^-V^^/i-JlO^ 

[0 0 9 1 1 X> mIi*Lfc:*:^P>qOG a 
/WS^4 0 1. A 1 G a N/G a N3it:-^:^v'^yi.Stg 
4 1 1^L< (lA 1 G a N^f^^v'-^' 71.^:^4 2 1 

4 0 nm(7)A 1 N^e^^v-^/U^:!:^, 3 m 
<7>G a N^Jifc-vJ^r^v-^/W^^g.^^ 6 nmOA 1 N^Jit"^ 
^iy-t/l-fi)c:^^. ^-y-t^/l-^^Jt^a 1 5 O nm7!7^2 5 
0 nm(7)G a N^f^^iX-V/U-^S^^milCitmL, H 

^O^ir^->'^^ (G a N:iif^^C/-y/l-i5K:^^) (0± 
tC. 8 0nni(Oe^y =i:/^{b^ (S i 3 N4 fli) ^ita 
^OS i 3 N4 JK^y- hlfeM^M^ '^'-MfeS^ 

Vi^ MI SFET;65^^ttl5fe6o =^^^-^^mt^. 6 n m 

OA 1 ^ ^i^^ /\^fSL^mxm\i:Lihhh.it.m^^x 
/A 1 /►^b^.^^y-x/ KU'<:/m^3i^ff^fiJc-rmi-s 

V\ ^mm<DG al>i^}:^^^iy\/l^m^4 O I ^ AIG 
a N/G a N::^ t'^ v-^/Ug^S 4 1 1 ^L< liA 1 G 

isFETf^. ^-r^-/i^m(o^mmt>m<. 

[0 0 9 21 l£v>ll. {gitl&mA 1 G a N=^\:'^^>-r 

^•>ir>'^fi£gL/cG a N^— ;^^^T/A I G a Nj:^ y 
^li^fflV^fcA 1 G a N/G a N^x n g^-^^fflv n/cH 

BTtcd^i.^/^#®tiiig^, MocvDi^xmmmcmm 

L-cm^LTt>av\ ifeVMi. tetfcSlaG a N3lhr^dt■ 
'>-\r>'^S«4 0 1 u>5'^$^Jii: Urfflv^, Z<r>±\Z:x^ 
f^:¥'>-V/U;5)t:^Lfc I nG a N-<— ;^jl^t/G a Noi 
!y iJ'S^fflV^AcG a N/ I n G a N--7'c3e^-g'^ffiv^ 
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II, iSitl&tfiA 1 G a Nn: t*^:3e'>i'yUStg4 2 l^L 

®!ig^lig-C^5o ct^^bco«^ly^||it(OHBTIi. ^fei^ 

ll±fe cOl^P^ P5 ^ ^ /.^ it^mS ^ CO tSOS -5 % ^ 
[0 0 9 31 

I00 9 4J X. :*:^WJc:<J:m^. {SitlSfetOac t"^ ^ 

V/ ^ /U^:^ ffl ^ m t# 6 C ^ pT r- a o 

[0 0 9 51 X. ^^P>^tcj:mi, ^^I'^^i^-^yi^mm 

mm^<D±{Z^ ^^i^f^^v^-y/L'JSSc^^^ttSG a N^^fb^ 20 

[0 0 9 61 iifeo-c. ;*:^0>^<o^2gi^^Mco®iit:;^?£tc: 
[0 0 9 71 X. :^mm^Xtii-£. :^\i'^^iy\/Uf^^ 

V D Ss^g coms&^Sit SfrSlilT' ^ 6 . 

[!il4l :^^0>^COG a N:iie^^f^>^/U^:gfflS«<D8!! 
im 5 1 A I G a N/G a =^r 40 

1) o 

[me] 7$imm<DA 1 G a N/G a 

2) o 
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(m 1 0 1 :^^m<Dm 1 (onmrnmcD^mm 1 (t^^ 

(mill ^^0.^(7>mi<O||i£?f^^(Oft^<O^?!50tJ (112 

:^7fe ^ ^-rxm^® m T? 6 o 

(IgJi 21 ^^0^co^2co^5£cojf$S(^#^tpaii^2»»:S5 

mi3] vtm(o^^mi^^i^m(omm:^m:ix^^mf^u 

2 1 ^B^mKft^^^ 

22 NH3 ;^^2^AW 
2 3 HC 1 ;^^2gA« 
2 4, 3 1 ;(/;=i#Al^ 
2 5 ^^^1^ 

2 6, 3 3 i^ir^^iJ^ 

2 7 t&mm^—^ 

2 8 

3 2 mmi^^m^::—^ 

5 1 p^G a N:r.\:i'^^i^^/Uf&^m 

5 2 p^GaN^h-t^'^v-^yU^i^t:^^ 

6 1 S i O2 ^ 

7 1 T y — KmiS 
7 2 ;&y— Kins 

30 1 ^^/u^^B^pS^g (cS-y-^T-frstg) 

3 0 2 G a N(&mfi£:g:ji 

3 0 3 G a N^ne^^S^Y/l-*^^ 

3 0 4 I n G a v'-v/UfiS:^® 

3 0 5 G a N:^tr^^iy-r/^f&^m 

3 0 6 G a N3iei5^:^ >i^/U'^Sc:^® 

3 15, 3 16 A\ G aN^\^^^i^^jUfS.^m 
40 1 G a N:3ifi57:^>^/uS;K 

4 0 2 n^G a =^ e ^ ^ iy ^ /i^f&^m 

4 0 3 nMA 1 G a ^ ix-Y' /i.^^® 

4 0 4 n§;G a v'-v/l.^:^;! 

4 0 5 1 n G a N^Mfi^^F (MQW) fStt® 

4 0 6 A 1 G a N^i :^ '>^yU/5fe;g:jg 

4 0 7 p^G a Ninf J^'>-yyU^:^S 

4 0 8 p^A 1 G a f ^ '>-r /l-^:^^ 

4 0 9 p^G a N:i:e^=^v^-y/U^:^® 

4 1 0 nmo a ^^C^-r /l-^^S 

4 11 A 1 G a N/G a 

4 2 1 A 1 G a N^if^:^'^^/!.^^^ 
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[mil 



[lil2l 



22 NH8^::^«A« 
f24j*/xl»A« 




21 GMtSit^M 



301 tf77-f7««t 



23 Hcr^;^«A« 
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32 antt^nt'^- 

OOQOO 




25 MO 
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[13 5] 



(a) 



(b) 



/ InGiN 


^304 


( G«N 


U303 




V302 




lac, 






f-316 


\ _ GaN 


V305 






/ InQSN 


:7-304 




p-303 




^302 




^301 



[Hi 2] 
71 ry-HSS 

p-GaN 



p-CaN 



n-GaN 



p-CaN 



p-AIGaN 



p-GaN 
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